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Fig. 1 High-speed loading apparatus driven by an electric detonator
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Table | Mechanical properties of the specimen ma-
terials

- Mortar Concrete

P-wave velocity (km/s)

.77 4.50
S-wave velocity (km/s) 1.97 2.23
Modulus of elasticity (GPa) = 20.5 29.0
Compressive strength(MPa) 27. 4 32.7
Tensile strength (MPa) 2.73 2.70
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Fig. 3 Dynamic fracture behavior of the mortar specimen under uniaxial compressive loading
recorded by the high-speed video camera (framing rates; 13500 {/s)
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Fig. 4 (a)Load time trace from the load cell and (b) uniaxial strain time traces
from the gauges attached to the specimen shown in Fig. 3. Horizontal
time scale is 100 1 s/div.. The sensitivity of the charge amplifier is 16. 4 X
10° N/V and the sensitivity of the strain amplifier is 2000z ¢ /V. In (a),
the upper signal shows the frame numbers of the video image after the
trigger system was initiated.
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Fig. 5 Dynamic fracture behavior of the mortar specimen recorded by the high-speed video

camera (framing rates; 13500 f/8). The images show the fracture behavior under an
eccentric load. The loading condition was caused by the inclined upper end of the

specimen.

Fig 6 Dynamic fracture behavior of the concrete specimen under uniaxial compressive load-
ing recorded by the high-speed video camera (framing rates; 13500 f/s)
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Fig 7 Average stress rate influence on the relative increase in the compressive strength
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Fig. 8 Dynamic fracture behavior of the mortar specimen under splitting tensile loading
recorded by the high-speed video camera (framing rates; 13500 f/s)

Fig. 9 Dynamic fracture behavior of the concrete specimen under splitting tensile loading
recorded by the high-speed video camera (framing rates; 13500 f/s)
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A new high-speed loading apparatus driven by explosives
for dynamic fracture experiments of rock-like materials

Yuichi NAKAMURA, Yasunori KURODA', Yasuki MATSUMOTO',
and Yoshio KIRITANI'

Strength, stiffness and brittleness of rock-like materials are affected by the rate of loading. How-
ever, there is a lack of data at high rates of loading. In this paper, a new experimental method by
means of a high-speed loading apparatus driven by explosives was presented for dynamic load tests of
rock-like materials. The loading apparatus consists mainly of a charge chamber attached to steel
frames, a loading piston and a load cell. The charge chamber is filled with water and the apparatus is
driven by an explosive charge, an electric detonator. The mortar and concrete specimen were loaded in
compression and / or splitting tension. The dynamic fracture processes of the specimens were ob-
served by high-speed videography. The dynamic load and axial strains in compression were measured
by using a piezoelectric type load cell and strain gauges, respectively.

It was shown from the experimental results that the fracturing process of the specimen in uniaxial
compression is affected by frictional restraint of the end loading surfaces, the crack patterns are al-
tered by the presence of shear failure, and the compressive strength of the specimen is found to be as
much as 70~100 % greater than the static strength. In the splitter tension test, cracks are firstly
initiated near the center of the cross section of the specimen and the cracks propagate to the loading
points.
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